Abstract Multimorbidity affects more than two thirds of older individuals and the vast majority of patients with chronic cardiovascular disease. Patients with multimorbidity have high resource utilization, poor mobility, and poor health status and are at an increased risk for death. The presence of multimorbidity imposes numerous management challenges in caring for patients with chronic cardiovascular disease. It complicates decision-making, promotes fragmented care, and imposes an immense burden on the patient and their social support system. Novel models of care, such as the cardiovascular patient-centered medical home, are needed to provide high-quality, efficient, effective care to this growing population.
Introduction
Multimorbidity in older individuals is an emerging epidemic. As medical care has advanced and mortality has improved, individuals are now surviving well into old age while accumulating multiple chronic conditions. While cardiovascular conditions such as hypertension, heart failure, and atrial fibrillation are highly prevalent in older patients with multimorbidity, they are usually accompanied by concomitant non-cardiovascular conditions, such as arthritis or chronic kidney disease. The presence of multiple chronic conditions greatly increases the complexity of patient management, and our traditional approach of providing condition-specific care no longer works. A paradigm shift is required to provide highquality, patient-centered, holistic care to older patients with cardiovascular disease and multimorbidity. In this article, we review recent evidence on multimorbidity in older patients with cardiovascular disease, including its epidemiology, association with outcomes, management challenges, and new models of care that have been proposed to meet the needs of this growing population.
Multimorbidity: Scope of the Problem
Multimorbidity is present when a person has two or more coexistent chronic conditions. A condition is considered chronic if it is present for a year or more and requires ongoing medical care and/or limits a person's ability to perform daily activities such as bathing, dressing, and doing housework [1] . There is no standard definition of multimorbidity, and the number and types of chronic conditions considered vary by study. Nevertheless, multimorbidity imposes a major burden on our healthcare system. It is estimated that 28 % of Americans currently have multimorbidity, and these persons are responsible for two thirds of healthcare spending [2] . Among Medicare beneficiaries, over two thirds of expenditures are used for persons with five or more chronic conditions. This problem continues to grow, and by 2030, 171 million Americans are expected to have two or more chronic conditions.
Multimorbidity is especially important for the care of the elderly, as the incidence and prevalence of multimorbidity increases with age. St Sauver et al. followed residents in Olmsted County, Minnesota for 14 years for the development of dyads and triads of 20 chronic conditions and found that the incidence of both increased with age [3] . For example, in men, the incidence of multimorbidity was 85.2 per 1000 personyears at age 50-59, but more than doubled to 209.9 per 1000 person-years by age 70-79; similar trends were seen in women. Among Medicare beneficiaries, two thirds have multiple chronic conditions, with the prevalence increasing from 50 % in those <65 years to 62 % for those age 65-74, 75.7 % age 75-84, and 81.5 % in those 85 years and older [4] . Similarly, the prevalence of multimorbidity in those 65 and older was 67.5 % in Spain, 62 % in Germany, and 77.3 % in Olmsted County, Minnesota [5, 6•, 7] , though the prevalence is dependent upon the number and type of conditions captured. A summary of contemporary reports on the prevalence of multimorbidity is shown in Table 1 . While the prevalence of multimorbidity increases with age, a longitudinal study by Fabbri et al. reported that the rise of multimorbidity with aging is not linear, but actually accelerates with age [16] . Among the 1031 older (>60 years) participants in Chianti, Italy, followed for 9 years, the rate of change in the number of chronic conditions per patient was higher in patients who were older upon entering the study.
Most [4, 5, 7, 9, 12] , but not all [6• ] studies have reported a higher prevalence of multimorbidity in older women than men. Among Medicare beneficiaries in 2011, women had a higher prevalence of multimorbidity across all ages examined (<65 to 85 and older), though the gender gap was most prominent in younger beneficiaries [4] . By contrast, the prevalence of multimorbidity was similar in older male and female residents of Olmsted County, Minnesota, but the prevalence of five or more chronic conditions was higher in older men compared with women [6•] .
There have been very few reports of differences in multimorbidity by race and socioeconomic status [6•, 9] . Data from the 2012 National Health and Nutrition Evaluation Survey suggested multimorbidity was more common in non-Hispanic whites and blacks compared with Asians and Hispanics [9] . In Olmsted County, Minnesota, before age 60, multimorbidity was more common in blacks and less common in Asians compared with whites. However, after age 60, multimorbidity was more common in whites compared with both blacks and Asians [6•] . In Scotland, individuals living in areas of lower socioeconomic status developed multimorbidity 10-15 years earlier than persons living in more affluent areas. Mental health disorders, in particular, disproportionately affected those in less affluent areas. With regard to cardiovascular conditions, persons living in less affluent areas were more likely to have coronary artery disease and diabetes, though atrial fibrillation was more common in more affluent areas [12] .
Cardiovascular conditions tend to be among the most common conditions present in patients with multimorbidity. Across multiple populations, hypertension is the most common chronic condition, and hyperlipidemia and ischemic heart disease are also frequently present among the top 3 most common chronic conditions (Table 1) . Hypertensionhyperlipidemia represents the most common multimorbidity dyad in older men and women [6•, 11, 17••] , and a cardiovascular condition including hypertension, hyperlipidemia, arrhythmia, diabetes, and coronary artery disease is present in each of the top 10 dyads after age 60 [6•] .
The vast majority of patients with chronic cardiovascular conditions have multimorbidity. The American College of Cardiology/American Heart Association (ACC/ AHA) recently published data elucidating the burden of multimorbidity in Medicare beneficiaries with chronic cardiovascular conditions including ischemic heart disease, heart failure, and atrial fibrillation [17••] . Across all three conditions, the most common comorbidity present was hypertension (81-86 % of patients). In patients with ischemic heart disease and atrial fibrillation, hyperlipidemia is the second most common comorbid condition (present in 69 and 64 % of patients, respectively), whereas ischemic heart disease is the second most common condition in patients with heart failure (72 % of patients). Other frequent comorbidities included diabetes (37-47 % of patients), anemia (39-51 % of patients), and arthritis (41-46 % of patients).
A few authors have sought to group comorbidities into patterns of conditions that tend to cluster together, with cardiovascular conditions playing a prominent role [15, [18] [19] [20] [21] [22] . Prados-Torres et al. used exploratory factor analysis to identify five patterns of multimorbidity among primary care patients in Spain [23] : cardiometabolic, mechanical, psychogeriatric, depressive, and psychiatric-substance abuse. Each pattern consisted of several chronic conditions that tended to occur together and the authors assigned a name to each cluster based on the types of conditions present. Only these first three patterns were prevalent in older men and women, and only about one third of older men and half of older women could be assigned to one of the three patterns [5, 23] . The cardiometabolic pattern included atherosclerosis/ischemic heart disease, heart failure, arrhythmia, diabetes, iron deficiency, and gout. The mechanical pattern consisted of conditions such as arthropathy, low back pain, osteoporosis, thyroid disorders, varicose veins, and anxiety. The psychogeriatric pattern included conditions such as dementia, Parkinson's, cerebrovascular disease, skin ulcers, heart failure, and arrhythmia. The cardiometabolic pattern was the dominant pattern in older men (21.2 %) and was present in 17.3 % of women, whereas the mechanical pattern was the dominant pattern in women (33.3 %) [5] . The NP not provided psychogeriatric pattern was least common of the three patterns in both sexes (2.4 % of men, 3.5 % of women).
Multimorbidity: Association with Outcomes
Patients with multimorbidity are at increased risk of death; however, these relationships are complex and may be mediated by disability. For example, in a Canadian cohort of persons 65 and older, multimorbidity was associated with an increased risk of death, but the association was mitigated by adjusting for functional status [13] . In a Swedish study, having one or more chronic conditions was associated with an increased risk of death, though the hazard ratio was unchanged with increasing comorbidity. There was a stepwise increase in disability with increasing comorbid conditions, and disability, rather than comorbidity, had the greatest association with mortality [24] . Finally, a report from the Health and Retirement study found that among older patients with chronic conditions, the concomitant presence of functional limitations or geriatric syndromes such as hearing or visual difficulties was associated with a markedly increased risk of 2-year mortality [25] . Among patients with multimorbidity, the presence of cardiovascular conditions adversely impacts survival. In Medicare beneficiaries with coexisting conditions, heart failure was the single largest contributor to mortality, accounting for 20 % of deaths [26] . Data from 689,300 participants in the Emerging Risk Factors Collaboration demonstrated mortality rates of 15-17 per 1000 person years in individuals with a single cardiovascular condition (diabetes, myocardial infarction, stroke) compared with only 6.8 per 1000 in those with none of the conditions [27•]. However, co-existent conditions had a multiplicative association with mortality, and patients with all three conditions had a mortality rate of 59.5 per 1000 person years. Just as concomitant cardiovascular disease portends poor survival in patients with multimorbidity, the reverse is also true. It is well established that in patients with a variety of chronic cardiovascular conditions, noncardiovascular comorbidity is associated with increased mortality [28] [29] [30] . For example, patients hospitalized with myocardial infarction with multiple noncardiac comorbidities had longer hospital stays and were less likely to survive to hospital discharge [28] . Similarly, in patients with heart failure, there is a step-wise increase in mortality with increasing comorbidity [31] .
In addition to experiencing increased mortality, patients with multimorbidity have higher healthcare resource utilization, including more hospitalizations, outpatient visits, and subspecialist referrals [14•, 32-34] . In one large Swiss study, multimorbid patients were 5.6 times as likely to be hospitalized and had more than three times as many outpatient clinical visits compared to patients without multimorbidity. As a result, total health care costs were 5.5 times higher in patients with multimorbidity and increased by 33 % with each additional chronic condition [14•] .
Multimorbidity can also adversely impact functional status and quality of life. In the Cardiovascular Health Study, patients with a single comorbid condition, such as heart failure, COPD, or cognitive impairment, had more difficulty with activities of daily living (ADL) [35] . However, patients with multiple conditions had even greater difficulty with ADLs, such that the impact of each condition on mobility appeared to be synergistic. A synergistic effect on ADL difficulty was seen for combinations of chronic conditions including heart failure plus COPD, heart failure plus depression, osteoarthritis plus depression, and depression plus cognitive impairment. Survey data from a large US adult population indicates that persons with three or more chronic conditions are at an 8-fold increased odds of reporting poor health status [36] . The association between multimorbidity and poor health status was particularly strong in patients with cardiovascular conditions including myocardial infarction and stroke.
Multimorbidity: Management Challenges
The presence of multimorbidity imposes numerous management challenges in caring for patients with chronic cardiovascular disease. It complicates decision-making, promotes fragmented care due to involvement of multiple providers, and can be burdensome to both patients and their caregivers.
Decision-making can be challenging in patients with a single chronic condition, but becomes increasingly challenging in patients with multiple chronic conditions. Clinical practice guidelines are generally written with a single-disease focus, and designing a comprehensive plan of care for patients whose comorbid conditions require integration of numerous sets of guidelines can represent a formidable challenge. There are several ways in which comorbid conditions and their treatment can interact in clinical practice. First, treatment of one comorbid condition can have an impact on another comorbid condition. For example, treatment with a non-steroidal antiinflammatory drug in patients with osteoarthritis can worsen heart failure symptoms. Second, pharmacologic treatment of two separate conditions can modify the pharmacokinetics of either drug to result in toxicity or undertreatment. For example, the risk of myopathy is increased when statins are coadministered with medications that inhibit their metabolism, such as the azole antifungals, colchicine, and amiodarone. In response to this clinical challenge, investigators formulated the Improving Guidelines for Multimorbid Patients Group and published a list of recommendations for consideration of multimorbidity when developing practice guidelines [37] . They suggested several frameworks to approach comorbidities in clinical practice guidelines, such as focusing on a single condition and the common comorbidities vs. developing guidelines to address conditions that often occur together (e.g., guideline for managing patients with heart failure and chronic kidney disease). Given the burden of comorbidity in patients with cardiovascular disease, the ACC/AHA also published a statement outlining the high burden of comorbidity in patients with chronic cardiovascular disease and stating their intent to include discussion of the impact of the most common comorbid conditions on the applicability of recommendations published in clinical practice guidelines in the future [17••] . The most recent heart failure guidelines have taken a step in this direction, as they discuss comorbid conditions including atrial fibrillation, anemia, and depression [38] . Until all cardiovascular practice guidelines better address the management of patients with multimorbidity and cardiovascular disease, when approaching the management of an older patient with multimorbidity, it is crucial to recognize the limitations in available evidence and guidelines as they may apply to a specific patient [39••] .
In treating older patients with multimorbidity and cardiovascular disease, the first inclination of treating clinicians is often to continue adding treatments to achieve guidelinedirected goals for care. Before initiating a new therapy, the risks and benefits of treatment need to be considered in the context of the patient's preferences and prognosis [39••] . In addition to carefully considering each new potential treatment, medication lists should be reviewed and medications discontinued or reduced in dose when appropriate. There are numerous scenarios where decreasing or eliminating therapies may be in the patient's best interest. First, there are instances where overtreatment is occurring and causes harm. As an example, despite current guidelines recommending a goal blood pressure of <150/90 in patients age 60 and older and <140/90 in the presence of diabetes or chronic kidney disease [40] , 19 % of older treated hypertensive patients have a systolic blood pressure <120 mmHg [41] , which may be associated with increased mortality [42] . When evaluating an older patient being treated for hypertension, consideration can be given to cutting back on medications if the blood pressure is far below goal, even in the absence of overt symptoms. Second, there are instances where no treatment recommendations are given for the elderly, and an individualized approach must be adopted. For example, many older patients are maintained on aspirin for the primary prevention of cardiovascular disease, though a large recent clinical trial found no difference in cardiovascular death in patients treated with this approach [43] . While guidelines differ by organization, the US Preventive Services task force recommends individualizing the decision by balancing the risks of potential reduction in stroke and myocardial infarction with the harm of bleeding in patients <80 years old, and made no recommendation for or against use of aspirin for primary prevention in patients 80 and older. Finally, in patients with cardiovascular disease and limited life expectancy, the risks and benefits of initiation and continuation of medications must be carefully considered. In a recent trial, discontinuation of statin therapy was safe and associated with improved quality of life and lower costs in patients with an expected survival of less than 1 year [44] . As patients with life-limiting illnesses approach death, they often shift their goals of care toward optimizing quality of life and medications should be reviewed to ensure they continue to offer potential benefit in meeting the patient's goals.
The added complexity of caring for patients with multimorbidity frequently results in fragmentation of care. Patients often see many subspecialty clinicians in addition to their primary care provider. In an elderly Swiss population, one in five patients with multimorbidity saw more than one primary care provider and over half saw two or more specialists annually. The mean number of annual outpatient visits in patients with multimorbidity was 15.7 compared to 4.4 in patients without multimorbidity, and the number of visits increased by 3.2 for each additional comorbid condition [14•] . Similar findings of increased outpatient care utilization and subspecialist referral in patients with multimorbidity have been reported in German [8] , Dutch [34] , and US [33] populations. In many care systems, there is inadequate communication between the multiple clinicians caring for a patient with subsequent duplication and overuse of services. In a Canadian study, duplicate laboratory testing in patients with cardiovascular disease, kidney disease, and diabetes resulted in more than $3 million per year of unnecessary expenditures [45] . The use of acute care services is also higher in patients with multimorbidity, and may be due in part to increased fragmentation of care. Liu et al. found that the number of emergency room visits increased with the number of clinics visited by patients with multimorbidity [46] . Models of care to reduce fragmentation will be discussed in detail later in this article.
The care required to manage multiple chronic conditions can also be frustrating and burdensome to both patients and caregivers. The burden of treatment in patients with multimorbidity is often under recognized. One review estimated that patients with chronic conditions and their caregivers spend an average of 2 h per day on health-related activities [47] . Caregivers are often responsible for much of the day-today patient care, such as coordinating and providing transportation to clinician visits and ensuring adherence to medical recommendations. Frustrations voiced by caregivers of patients with multimorbidity include poor communication with the healthcare team, lack of coordination of care across multiple providers, and frustration with care recipients who refuse to adhere with medical recommendations [48] . In one study of caregivers of patients with heart failure, 37 % found communication with their care recipients challenging; the desire for more communication was linked with higher caregiver burden and stress [49] . The AHA acknowledges the importance and potential stress of providing care to patients with cardiovascular disease and offers useful tips and resources for caregivers on their website (www.heart.org).
Multimorbidity: Models of Care
We now face the daunting task of providing optimal care to the growing population of older patients with multimorbidity. Boult et al. outlined four processes, based on expert opinion, that are critical to providing high-quality, effective, and efficient care to older patients with multiple comorbid conditions (Box 1.) [50] . These processes include comprehensive patient assessment, comprehensive care planning, promotion of the patient's active engagement in their health care, and communication and coordination with all clinicians involved in the care of the patient. Box 1 Processes required to provide high-quality care for older patients with multimorbidity. Several models of care have been proposed to meet these goals, including Guided Care [51] [52] [53] , Geriatric Resources for Assessment and Care of Elders (GRACE) [54] , and the Program of All-Inclusive Care of the Elderly (PACE). One potential framework that has received substantial attention is the patient-centered medical home [55] . A medical home has been described as Ba clinical setting that serves as a patient's resource for ongoing medical care.^The concept of the medical home has been around for decades, and many formats of the medical home model have been tested and exist in clinical practice. While existing medical homes may differ in the patient populations they treat, one common concept of medical homes is direct engagement between a patient and a provider who is responsible for ensuring comprehensive integrated care through use of a team of medical professionals and community-based resources. Most successful medical home models have utilized a dedicated non-physician care coordinator to organize and manage the patient care. Medical homes have been shown to reduce healthcare costs [55] and improve adherence in patients with multiple chronic conditions [56] .
Most medical home models place a primary care physician at the center of the patient's care with specialists such as cardiologists providing consultation as needed. However, the ACC has recognized that some patients with complex, advanced cardiovascular disease may require care by supervising clinicians who are experts in cardiovascular disease [57••] . They have proposed a cardiovascular patient-centered medical home, run by cardiologists surrounded by a team of other professionals, such as nurse practitioners, pharmacists, and social workers, who would be found in any medical home setting. The cardiovascular patient-centered medical home may represent an excellent fit for patients whose multimorbidity is primarily driven by cardiovascular disease, such as patients with congenital heart disease or advanced heart failure.
Multimorbidity: Putting It All Together
The factors that contribute to health behaviors and outcomes in multimorbid older patients with cardiovascular disease are complex and plentiful (Fig. 1) . Patient-level factors such as beliefs and attitudes, ability to understand and contextualize medical problems (cognition, health literacy), motivation to engage and improve health (activation), and capacity to meet healthcare demands can all play roles in influencing health behaviors and outcomes. As care needs grow more complex and burdensome, social support becomes increasingly critical for building capacity to meet the demands of health providers and systems. This interaction between the patient and the healthcare system is a critical determinant of health outcomes. For patients with multimorbidity, it is increasingly important that systems support patients' complex needs. To be optimal, this support almost universally requires care from a multidisciplinary team of medical professionals, each supplying his or her expertise in tailoring care to meet individual patient needs. Communication among those individuals and caregivers is paramount to successful care integration. Without question, building effective and holistic systems of care for patients with multimorbidity and cardiovascular disease will be one of the most formidable challenges we face as our population ages.
Multimorbidity: Future Directions
While our understanding of multimorbidity in older patients with cardiovascular disease has been enhanced over the last several years, key gaps in knowledge still exist. It is well established that individual comorbidities are common and can be associated with adverse outcomes in patients with cardiovascular disease, but a more thorough understanding of how comorbidities cluster across populations and the potential impact on outcomes such as death, health care utilization, and quality of life is needed. Future cardiovascular guidelines should address common comorbidities encountered in patients with chronic cardiovascular disease and how they may impact medical management. Additional data are needed to inform such guidelines, as older patients with multimorbidity have frequently been excluded from clinical trials; the emerging use of big data may play a role in filling this gap. While integrated medical care using frameworks such as the cardiovascular patient-centered medical home hold promise, we need a better understanding of which patient populations may benefit from this model and what infrastructure and team members are most critical to providing the best care. Many of the services that may be most beneficial to patients with multimorbidity, such as home health, physical therapy/ cardiac rehabilitation, and nutrition services, may not be readily available or may impose added financial burden on specific patients. As such, closer alignment of healthplan coverage (reimbursement for services, patient out-of-pocket costs) with individual patient needs is essential. Finally, we need a better way of measuring the care we provide to patients with multimorbidity. The National Quality Forum is developing a set of measures that reflect universal health outcomes [58] , which may provide a better way to measure care quality provided to patients with multimorbidity compared with the condition-specific performance measures that have been historically utilized.
Conclusions
The majority of older patients with cardiovascular disease have multimorbidity. With aging of the population, the prevalence of multimorbidity in patients with cardiovascular disease will continue to rise. Caring for older patients with multimorbidity and cardiovascular disease represents a formidable challenge. As a cardiovascular community, we need to embrace this daunting task to continue to be successful at providing high-quality patient-centered care.
Compliance with Ethical Standards
Conflict of Interest Shannon Dunlay and Alanna Chamberlain have no disclosures to report.
Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by the author.
